Current guidelines are unclear as to the precise role of radiotherapy (RT) in patients with desmoplastic melanoma (DM). The purpose of this study was to evaluate our institutional outcomes in patients with DM, and to explore the roles of both adjuvant and salvage RT in these patients. We identified 100 patients with a histopathologic diagnosis of DM who received treatment at our institution from 2000 to 2014. Local control, distant metastasis-free survival, and overall survival (OS) were evaluated in the 95 patients managed surgically with or without adjuvant and/or salvage RT. The overall rate of local recurrence (LR) was 10%. There was no LR in either adjuvant or salvage RT cohort. Adjuvant RT did not significantly improve LR-free survival at 5 years (100 vs. 81%, P = 0.59), despite the RT patients having worse pathological features. Four of seven (57%) salvage patients developed distant metastases, despite 100% local control. Adjuvant RT did not significantly impact 5-year overall survival (86 vs. 82%, P = 0.43). RT shows a trend towards improved local control in both the adjuvant and salvage settings for patients with DM, and likely overcomes adverse risk factors after surgery in appropriately selected patients. Future prospective studies are needed to better address the optimal management for these patients. Melanoma Res 26: [35][36][37][38][39][40][41] 
Introduction
Desmoplastic melanoma (DM), a rare variant of melanoma, was first described in 1971 by Conley et al. [1] as a variant of spindle-cell melanoma with a fibroblastic (desmoplastic), collagenous stroma. Patients with DM frequently experience delays in diagnosis, with more advanced lesions on presentation than in conventional melanoma. This is likely due to an amelanotic, scar-like clinical appearance. There is a wide histopathologic differential for DM, including spindle-cell sarcoma, neurofibroma, schwannoma, blue nevus, sarcomatoid squamous cell carcinoma, and scar [2] [3] [4] [5] [6] . One of the defining characteristics of DM is an increased propensity for local recurrence (LR), with rates reported from 4 to 60% [2, 4, [6] [7] [8] [9] [10] [11] , compared with less than 5% in other melanomas [12] . Several studies [6, 13, 14] have shown DM to be associated with perineural invasion (PNI); this characteristic, in addition to increased Breslow thickness, advanced Clark level, and a predilection for the head and neck region, all likely play roles in the increased tendency towards LR [6, 11, [14] [15] [16] . Due to the fibromatous nature of DM, as well as the inherent challenges of head and neck surgery, the extent of surgical margins following initial resection has frequently come into question [2, 11, [17] [18] [19] . Despite increased rates of LR, DM patients have been shown to develop less locoregional and distant spread, when compared with other melanomas of a similar tumor stage [4, 20] .
Current guidelines are unclear about the precise role of radiotherapy (RT) in the treatment of DM, stating that RT may be 'considered' for selected DM patients with narrow margins [21] . Among practices nationally, there is substantial variation in terms of which patients are to be selected for RT, as well as when radiation should be given, either as initial adjuvant therapy or later in the salvage modality. There are also conflicting reports about the potential role of RT in improving patient outcomes when other adverse pathological risks factors (PNI, extent of desmoplasia, positive margins, or recurrent disease) are also present [2, 11, [14] [15] [16] [17] . It has been argued that surgery-alone, with strict adherence to adequate margins, is sufficient for preventing LR in DM [2] . However, a pair of recently published studies has provided further clarification on the role of RT, reinforcing the association between adjuvant RT and improved local control [15, 16] . There has, however, been little published that compares the efficacy of adjuvant to salvage radiation therapy. Thus, in our study, we further explore these roles, while adding additional patient outcomes to the existing literature in support of RT.
Methods
Following IRB approval, the charts of over 2200 melanoma patients receiving surgical treatment at our institution between the years of 2000 and 2014 were reviewed, and all patients with a histopathologically confirmed diagnosis of DM were identified. Medical records were reviewed for demographic information, tumor characteristics, and treatment characteristics. Additionally, RT databases were reviewed to ensure that no DM patients were missed. Investigators of this study worked closely with the dermatopathologist (D.P.) to ensure clarity of diagnosis and tumor characteristics. All pathology reports pertaining to biopsy and tumor resection were reviewed. We identified 100 patients with DM, with or without PNI (Table 1) . One patient presenting with DM in the setting of a previous non-DM at the same primary site was excluded, as were four patients presenting for palliative therapy. These patients were included for descriptive purposes only, and the review was limited to 95 DM patients. Whenever data were available, patients were subdivided into those with pure DM (pDM) and mixed DM (mDM), based on the criteria described in 2004 by Busam et al. [13] , in which tumors with more than 90% desmoplasia were defined as pDM, and those between 10 and 90% were defined as mDM. For the mDM patients, the subtype of non-DM was recorded. Results of immunohistochemistry, such as S-100, melan-A and HMB-45 were recorded where data were available.
All patients either received wide local excision at our institution, or had been referred from an outside facility for management following surgery. Patients were analyzed in accordance with American Joint Commission on Cancer (AJCC) criteria, and all patients presented with stages I-III (any T with or without ulceration, any N, M0), and none had distant metastases on presentation. The majority (87%) of patients received a sentinel lymph node biopsy (SLNB), and all patients with evidence of either clinical or microscopic lymph node (LN) disease underwent lymphadenectomy.
The primary outcome measure in this study was local control, defined as freedom from LR. LR was defined as development of DM within the initial primary site after surgery or RT. Adjuvant RT was defined as being given after initial surgery. Salvage RT was defined as either postoperative salvage RT or inoperable salvage RT; the term 'salvage' refers to RT of a recurrence which occurred after initial surgical failure, while the term 'postoperative' refers to a repeat surgery due to the recurrence, and 'inoperable' refers to no further repeat surgery. In all adjuvant and postoperative salvage cases, RT was given within 3 months of surgery. Locoregional recurrence was defined as either in-transit metastasis (any LR occurring > 2 cm. from the primary lesion between the primary and the draining LN basin), or recurrence of the disease within the area encompassing draining lymphatics and regional nodal basin. Distant metastasis was 
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defined as metastasis to any distant nodal, visceral or cutaneous regions. Additional outcomes of interest were distant metastasis-free survival (DMFS) and overall survival (OS).
Statistical methods
Three treatment comparisons were analyzed: (a) adjuvant versus no radiation therapy/salvage (nonadjuvant), (b) no radiation therapy versus salvage, and (c) adjuvant versus salvage. Time-to-event endpoints included LR-free survival, DMFS, and OS; local control was defined as the absence of LR. Three patients did not have follow-up date information, and were thus excluded from the survival analysis (censoring only took place if a patient had a last follow-up date). Descriptive statistics were generated for each of the three treatment groups.
For the first treatment comparison, local control was defined as the absence of LR from date of diagnosis to last documented follow-up date. For the no RT cohort in the second treatment comparison, local control was defined in a similar fashion as above; for the salvage therapy cohort, local control was defined as the absence of LR from first day of salvage radiation treatment to last documented follow-up date. Thus, we compare the overall control rate for the no RT cohort versus the further control rate for the salvage therapy cohort with the second treatment comparison. A local control analysis was not possible for the third treatment comparison, since there were no cases that had a LR after RT in the adjuvant and the salvage settings. 
Radiotherapy
All patients undergoing RT received treatment at our institution, except for one patient whose RT details at an outside facility were unavailable ( Table 2 ). Of those patients receiving RT, 10 received true adjuvant RT following initial local excision, seven received postoperative salvage RT, and four received palliative RT.
Patients receiving palliative RT alone were treated for severe pain and/or bleeding; they were included in the study for descriptive purposes, but excluded from any comparisons in treatment outcomes. These patients received palliative doses with intensity-modulated RT; 20-30 Gy total, using 3-6 Gy per fraction within 20 days. The targeted RT region for adjuvant and salvage patients included the surgical site plus a 1-4 cm margin. Other RT characteristics are presented in Table 1 . Response of the tumor to salvage RT was evaluated clinically in all patients, and with additional radiographs in the other six (two by MRI alone, one by PET computed tomography alone, two by MRI/PET computed tomography, one by chest radiography).
Results

Patient and tumor characteristics
We identified 100 total patients with DM, nearly 4.4% of more than 2200 melanoma patients initially screened. The median age at diagnosis was 62.4 years (range, 27-92 years). There were 72 men and 28 women, a 2 In those patients (90 of 100) for whom LNs were successfully assessed and staged on presentation, 80 (89%) were found to have N0 disease (Table 1) . Six (6.7%) presented with N1 disease, three (3.3%) presented with N2 disease, and only one (1.1%) presented with N3 disease. All but one of the patients with evidence of LN disease had received an SLNB; this patient received excision at an outside facility for a 1 mm scalp lesion with microscopically positive margins and no other risk factors.
The patient was then referred after several weeks for a clinically palpable and disease positive cervical node, for which he underwent re-excision of the primary site as well as a cervical lymphadenectomy, in which three of 43 nodes were positive. All six of the N1 patients were diagnosed with nodal disease by SLNB. One of the patients with N2 disease was found to have intradermal in-transit metastasis but disease was absent in zero of 16 LNs. All patients with evidence of nodal disease on presentation received a lymphadenectomy, with two of nine patients showing further nodal disease: one patient was described previously, with six of 17 nodes being positive in the other patient. Both received subsequent radiation in the form of photons to the nodal basin. All patients presenting with nodal disease were of the mDM subtype. No patients were found to have distant metastases on presentation.
Local recurrence and predicting factors
The overall rate of LR in this series was 10%. In the 85 patients managed initially with surgery-alone, 10 went on to develop LR (11.8%), seven of these would go on to receive salvage RT after one or more recurrences. In the 10 patients who received adjuvant postoperative radiation, there were no LRs with 100% local control (Fig. 1) . We found no significant difference in local control rates (P = 0.59). Individual characteristics and disease outcomes of patients receiving RT in our study are shown in Table 2 . In addition to the adjuvant RT group, all patients receiving salvage RT experienced 100% local control, despite having had failed surgical management previously. All six salvage patients with imaging showed clinical and radiographic evidence of tumor regression.
Due to the absence of LR following RT in the RT cohorts, no significant comparisons could be made regarding predictors for LR. The mean initial Breslow thickness for the 10 patients with LR was 6.4 mm (range, 1.7-18 mm). Nine (90%) of these patients had at least a Clark level IV tumor. The remaining patient had a Clark level III tumor. Five (50%) patients had an initial DM in the head and neck region. PNI was found to be present in three patients (30%), with another patient's PNI status denoted as 'indeterminate'. Three (30%) patients were found to have pDM subtype. Regarding surgical margins, of the 10 patients who had LR, two had microscopically positive margins, three had margins less than or equal to 1 mm, and the other five had 'clear' margins that were not quantified.
Distant metastasis
In total, 10 alone versus postoperative salvage RT, the surgery-alone cohort was strongly associated with improved DMFS [HR, 0.14; 95% CI, 0.037-0.524 (P < 0.001)] suggesting a more favorable cohort in the surgery-alone group. Absence of ulceration also showed a trend towards improved DMFS on UV analysis in this comparison as well [HR, 0.30; 95% CI, 0.07-1.36 (P = 0.09)].
Overall survival Table 3 shows UV and MV OS. As shown in Fig. 2 , OS at 5 years did not differ significantly based on receipt of adjuvant RT (86 vs. 82%) [HR, 0.55; 95% CI, 0.12-2.49 (P = 0.43)]. Factors significantly associated with increased OS on UV analysis were absence of ulceration [HR, 0.23; 95% CI, 0.08-0.69 (P = 0.004)] and absence of lymphovascular space invasion [HR, 0.19; 95% CI, 0.04-0.85 (P = 0.015)]. On MV analysis, absence of ulceration was significantly associated with increased OS [HR, 0.23; 95% CI, 0.08-0.71 (P = 0.011)], while absence of lymphovascular space invasion showed a trend towards increased OS [HR, 0.21; 95% CI, 0.04-1.08 (P = 0.062)]. Two patients receiving adjuvant RT died from progressive non-DM melanoma, while three of the seven patients receiving salvage RT died from progression of their DMM ( Table 2 ).
Discussion
Our finding of DM patients at a rate of 4.4% of all cutaneous melanoma patients is in accordance with previous reports 
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Local recurrence-free survival (LRFS) for postoperative adjuvant radiotherapy cohort compared with nonadjuvant cohorts. (<4% of melanoma cases) [6, 16, 22, 23] . Additionally, it is possible that the challenges inherent in diagnosis may have caused a number of DM patients to be overlooked. The median Breslow thickness of 2.75 mm in this study was less than has been recorded in other reports [2, 11, [14] [15] [16] [17] . This may account for a lower overall LR in our surgical cohort than in other studies [4, 6, 11, 15, 16, 23] .
A 2008 Sydney Melanoma Unit study suggested that adjuvant RT might offset some of the unfavorable risk factors predicting for LR in DM [14] . In their study, LR rates were comparable between patients managed with surgery-alone and those receiving adjuvant RT; this was despite worse disease (thicker Breslow, more advanced Clark level, narrower excision margins) in the latter cohort. In our study, there were similar differences in patient groups ( Despite a substantial sample of DM patients, the sizes of the adjuvant (10 patients) and salvage (seven patients) RT cohorts did not allow for further statistical testing. However, it is encouraging that there were no further LRs in either of these cohorts. Regarding the salvage RT cohort specifically, it is of note that these patients also achieved excellent local control despite high-risk features and poor DMFS outcomes. In light of the 2013 data from MD Anderson and Moffitt, these patients would have been ideal for selection to adjuvant RT due to these prognostic features [20, 21] .
This idea was illustrated by one of the salvage patients in receiving RT, even in the salvage cohort, had surgery before radiation. Since the salvage patients had recurrence following initial surgery to begin with, it was thought that the likelihood of success with a salvage surgery-alone was probably even less; thus RT was offered in this case. Additionally, these patients often had narrow/positive margins in a head and neck site, where surgery-alone may have been insufficient.
Limitations of this study include the potential for selection bias and referral for adjuvant/salvage RT based on physician preference, the retrospective design, the heterogeneous delivery of RT, and the differing baseline characteristics of the patients involved in the study. The inability to conduct thorough comparisons between treatment cohorts due to the small numbers in the RT cohorts is another limitation of this study; larger patient cohorts would have allowed more impactful UV and MV analyses.
Conclusion
Recent retrospective data suggests that adjuvant RT is effective in reducing LR for high-risk DM patients [15, 16] . Despite the limited number of patients receiving RT in our study, our research supports the recent literature by suggesting that adjuvant RT improves local control in patients with adverse features. In addition, by evaluating those patients receiving salvage RT separately, we show that the absence of LR in the setting of poor survival and higher rates of distant metastasis is a compelling argument for consideration of upfront adjuvant RT for these patients. Prospective randomized trials with larger cohorts will only serve to solidify the role of RT in the primary management of DM. NCT00975520 is a trial (phase 3 at this time) comparing surgery-alone with surgery plus postoperative radiation in patients with widely resected neurotropic melanoma of the head and neck; this should provide valuable data for future decisionmaking. However, there is now already considerable evidence for a more specific selection criteria.
